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5j)  Dielectric  ceramic  composition  with  high  dielectric  constant  and  flat  TC  characteristics. 

(57)  The  present  invention  provides  ceramic  compositions 
for  preparing  multi-layer  capacitors  (MLCs)  having  high 
dielectric  constants  between  about  3000  and  4700  and  stable 
temperature  coefficients  (TC)  prepared  from  high  purity 
barium  titanate,  niobium  pentoxide  and  cobalt  oxide. 
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  The  present  invention  provides  ceramic  compositions 
for  preparing  multi-layer  capacitors  (MLCs)  having  high 
dielectric  constants  between  about  3000  and  4700  and  stable 
temperature  coefficients  (TC)  prepared  from  high  purity 
barium  titanate,  niobium  pentoxide  and  cobalt  oxide. 



BACKGROUND  OF  THE  INVENTION 

This  i n v e n t i o n   r e l a t e s   to  c e r a m i c   d i e l e c t r i c  

c o m p o s i t i o n s ,   p r e f e r a b l y   such  c o m p o s i t i o n s   have  high  d i e l e c t r i c  

c o n s t a n t s   (K),  e . g . ,   between  about  3000  and  about   4 7 0 0 ;   low 

d i s s i p a t i o n   f a c t o r s   (DF),  e . g . ,   below  about   2.5%;  high  i n s u l a t i o n  

r e s i s t a n c e   (R)  c a p a c i t a n c e   (C)  p r o d u c t s   (RC),  e .g .   above  a b o u t  

5,000  ohm-fa rad   at   25°C,  above  about   1000  o h m - f a r a d   at  125°C;  a n d  

s t a b l e   t e m p e r a t u r e   c o e f f i c i e n t   (TC)  in  which  the  d i e l e c t r i c  

c o n s t a n t   does  not  a l t e r   from  i t s   base  va lue   a t   25°C  by  more  t h a n  

a b o u t   15  p e r c e n t   over  a  t e m p e r a t u r e   range  from  -55°C  to  1 2 5 ° C .  

M u l t i l a y e r   ce ramic   c a p a c i t o r s   (HLCs)  are  commonly 

made  by  c a s t i n g   or  o t h e r w i s e   forming  i n s u l a t i n g   l a y e r s   o f  

d i e l e c t r i c   ce ramic   powder;  p l ac ing   t h e r e u p o n   c o n d u c t i n g   m e t a l  

e l e c t r o d e   l a y e r s ,   u s u a l l y   a  p a l l a d i u m / s i l v e r   a l l o y   in  the  form 

of  m e t a l l i c   p a s t e ;   s t a c k i n g   the  r e s u l t i n g   e l e m e n t s   to  form  t h e  

m u l t i l a y e r   c a p a c i t o r ;   and  f i r i n g   to  d e n s i f y   the  m a t e r i a l   t h u s  

forming  a  m u l t i l a y e r   ce ramic   c a p a c i t o r .   Other   p r o c e s s e s   f o r  

forming  HLCs  are  d e s c r i b e d   in  U.S.  P a t e n t s   Nos.  3 , 6 9 7 , 9 5 0   and 

3 ,879 ,645   the  t e x t s   of  which  are  i n c o r p o r a t e d   h e r e i n   by 

r e f e r e n c e .  

Bar ium  t i t a n a t e   (BaTi03)  is   one  of  the  m a j o r  

components  most  f r e q u e n t l y   used  in  the  f o r m a t i o n   of  t h e  

ceramic  d i e l e c t r i c   l a y e r s   because  of  i t s   high  d i e l e c t r i c  

c o n s t a n t .   However,  the  v a r i a t i o n   of  the  d i e l e c t r i c   c o n s t a n t  

with  t e m p e r a t u r e   and  the  i n s u l a t i o n   r e s i s t a n c e   are  a l s o  

i m p o r t a n t   f a c t o r s   to  be  c o n s i d e r e d   in  p r e p a r i n g   c e r a m i c  

c o m p o s i t i o n s   for  use  in  m u l t i l a y e r   c a p a c i t o r s .   The  e l e c t r i c a l  

p r o p e r t i e s   of  many  d i e l e c t r i c   ceramic  c o m p o s i t i o n s   may  v a r y  

s u b s t a n t i a l l y   as  the  t e m p e r a t u r e   i n c r e a s e s   or  d e c r e a s e s .  

Other  f a c t o r s   a l so   a f f e c t   the  e l e c t r i c a l   p r o p e r t i e s   of  c e r a m i c  



c o m p o s i t i o n s ,   e . g . ,   i n s u l a t i o n   r e s i s t a n c e   may  v a r y  

s u b s t a n t i a l l y   based  on  g r a i n   s i z e s   a f t e r   f i n a l   s i n t e r i n g .  

In  a  d e s i r a b l e   d i e l e c t r i c   ceramic  c o m p o s i t i o n   f o r  

use  in  a  m u l t i l a y e r   c a p a c i t o r   for  a p p l i c a t i o n s   r e q u i r i n g  

s t a b i l i t y   in  the  d i e l e c t r i c   c o n s t a n t   over  a  wide  t e m p e r a t u r e  

r ange ,   the   d i e l e c t r i c   c o n s t a n t   does  not  change  from  i t s   b a s e  

va lue   at  25°C  (room  t e m p e r a t u r e )   by  more  than  about   plus  o r  

minus  15  p e r c e n t .   The  i n s u l a t i o n   r e s i s t a n c e   and  c a p a c i t a n c e  

p r o d u c t   of  such  c o m p o s i t i o n s   should  be  more  than   1000  ohm- 

f a r a d s   at  25°C  and  more  than  100  ohm-fa rads   at  maximum  w o r k i n g  

t e m p e r a t u r e ,   125°C  in  most  c a s e s .   The  method  commonly  used  t o  

p roduce   such  t e m p e r a t u r e   s t a b l e   c a p a c i t o r s   c o n s i s t s   of  f i r i n g  

BaTi03  t o g e t h e r   with  minor  oxide  a d d i t i v e s   for  c o n t r o l l i n g   t h e  

f i n a l   d i e l e c t r i c   p r o p e r t i e s .   However,  the  d i e l e c t r i c   c e r a m i c  

c o m p o s i t i o n s   known  in  the  a r t   for  making  m u l t i l a y e r   c a p a c i t o r s  

having   s t a b l e   TC  c h a r a c t e r i s t i c s   u s u a l l y   have  d i e l e c t r i c  

c o n s t a n t s   of  not  more  than  about   3 0 0 0 .  

Accord ing   to  one  a s p e c t   the  p r e s e n t  

i n v e n t i o n   is  d i r e c t e d   to  a  d i e l e c t r i c   c o m p o s i t i o n  

having   a  high  d i e l e c t r i c   c o n s t a n t   and  s t a b l e   TC 

c h a r a c t e r i s t i c s   c o m p r i s i n g   a  major  component  c o m p r i s i n g   h i g h  

p u r i t y   bar ium  t i t a n a t e   (BaTiO3),   and  two  minor  c o m p o n e n t s  

c o m p r i s i n g   niobium  p e n t o x i d e   (Nb2O5),  and  c o b a l t   oxide  (CoO).  

The  bar ium  t i t a n a t e   employed  in  t h i s   i n v e n t i o n   has  p u r i t y  

e x c e e d i n g   about  99%  with  no  i n d i v i d u a l   i m p u r i t y   e l e m e n t  

g r e a t e r   than  about   0.5%.  Such  high  p u r i t y   bar ium  t i t a n a t e   can  

be  p roduced   via  chemica l   c o p r e c i p i t a t i o n   p r o c e s s e s   and  o t h e r  

t e c h n i q u e s   known  in  the  a r t ,   e .g ,   by  r e a c t i n g   high  p u r i t y  

BaCO3  and  TiO2  powders .   The  s t o i c h i o m e t r y   and  the  p h y s i c a l  

s i z e s   of  the  barium  t i t a n a t e   p a r t i c l e s   are  c o n t r o l l e d   a s  

h e r e i n a f t e r   d e s c r i b e d   to  produce  the  d e s i r a b l e   d i e l e c t r i c  

p r o p e r t i e s   of  the  ceramic   c o m p o s i t i o n s   of  t h i s   i n v e n t i o n .   The 

p r e f e r r e d   s t o i c h i o m e t r i c   r a t i o   for  the  barium  t i t a n a t e   i s  

BaO/TiO2  of  about   0.950  to  0.995  and  the  p r e f e r r e d   a v e r a g e  

p a r t i c l e   s ize   is  about  0.90  µm  to  1.30  µm.  



Other   a s p e c t s   of  the  i n v e n t i o n   are  set   f o r t h   in  t h e  

c l a i m s .  
More  s p e c i f i c a l l y ,   in  forming  the  d i e l e c t r i c   c e r a m i c  

compos i t ion   of  the  i n v e n t i o n ,   the  major  component  (BaTiO3) 

comprises   from  about   97.70  to  about  98.99  pe rcen t   by  w e i g h t  

and  the  minor  components   compr ise   from  about  0.85  to  a b o u t  

1.69  p e r c e n t   by  weight   of  Nb2O5  and  from  about  0.09  to  a b o u t  

1.20  p e r c e n t   by  weight   of  CoO,  with  the  Nb2O5  to  Co0  w e i g h t  

r a t i o   from  about   3.30  to  about  1 8 . 0 0 .  

The  ce ramic   c o m p o s i t i o n s   of  t h i s   i n v e n t i o n   when 

formed  in to   m u l t i l a y e r   c a p a c i t o r s   by  c o n v e n t i o n a l   methods  h a v e  

d i e l e c t r i c   c o n s t a n t s   which  are  t y p i c a l l y   between  about  3000  

and  4700  at  1KHz, 1VRMS,  d i s s i p a t i o n   f a c t o r s   which  a r e  

t y p i c a l l y   below  about  3  p e r c e n t   at  1VRMS,  and  i n s u l a t i o n  

r e s i s t a n c e  -   c a p a c i t a n c e   p r o d u c t s   which  are  t y p i c a l l y   g r e a t e r  

than  about  5 ,000  ohm-farad   at  25°C,  50  VDC/mil,  g r e a t e r   t h a n  

1000  ohm-farad   at  125°C,  and  s t a b l e   TC  c h a r a c t e r i s t i c s   i n  

which  the  d i e l e c t r i c   c o n s t a n t   v a r i e s   no  more  than  about  p l u s  

or  minus  15  p e r c e n t   from  i t s  r e f e r e n c e   value  at  25°C.  

In  an  e s p e c i a l l y   p r e f e r r e d   embodiment,   the  c e r a m i c  

d i e l e c t r i c   c o m p o s i t i o n   is  formed  from  a  mix ture   of  9 8 . 8 2  

weight  p e r c e n t   of  high  p u r i t y   BaTi03,  0.98  weight  pe rcen t   o f  

Nb2O5  and  0 .20  we igh t   p e r c e n t   of  CoO,  with  the  Nb2O5  to  Co0 

weight  r a t i o   be ing   4 . 9 0 .  

Because   of  t h e i r   high  d i e l e c t r i c   c o n s t a n t s ,   l ow 

d i s s i p a t i o n   f a c t o r s ,   and  s t a b l e   TC  c h a r a c t e r i s t i c s ,   t h e  

ceramic  c o m p o s i t i o n s   of  t h i s   i n v e n t i o n   provide   advan tages   i n  

m a n u f a c t u r i n g   m u l t i l a y e r   ceramic   c a p a c i t o r s ,   h e r e i n a f t e r  

ca l l ed   HLC's,  such  as  high  c a p a c i t a n c e   and  small   p h y s i c a l  

s i ze .   These  a d v a n t a g e s   are  very  i m p o r t a n t   for  the  c a p a c i t o r  

m a n u f a c t u r i n g   companies   to  meet  the  ever  i n c r e a s i n g   demands  o f  

technology  advance   and  cost   r e d u c t i o n .  



As  h e r e i n a f t e r   d e s c r i b e d   in  d e t a i l ,   the  p r e s e n t  

i n v e n t i o n   p r o v i d e s   a  c e r a m i c   c o m p o s i t i o n   hav ing   a  d i e l e c t r i c  

c o n s t a n t   between  about   3000  and  4700  at  25°C,  a  d i s s i p a t i o n  

f a c t o r   l e s s   than  about   3%,  and  a  s t a b l e   t e m p e r a t u r e   c o e f f i c i e n t  

in  which  the  d i e l e c t r i c   c o n s t a n t   does  not  vary  more  than  a b o u t  

plus  or  minus  15  p e r c e n t   from  i t s   r e f e r e n c e   v a l u e   at  25°C.  The 

p r e s e n t   i n v e n t i o n   a l s o   p r o v i d e s   a  ceramic   c o m p o s i t i o n   s u i t a b l e  

for  m a n u f a c t u r i n g   m u l t i l a y e r   ce ramic   c a p a c i t o r s   us ing  p r e c i o u s  

metal  i n t e r n a l   e l e c t r o d e s   and  hav ing   the  above  p r o p e r t i e s   as  w e l l  

as  an  i n s u l a t i o n   r e s i s t a n c e  -   c a p a c i t a n c e   p r o d u c t   of  more  t h a n  

about  5000  ohm-fa rad   a t   25°C  and  more  than  about   1000  o h m - f a r a d  

at  1 2 5 ° C .  

DETAILED  DESCRIPTION  OF  PREFERRED  EMBODIMENTS 

As  se t   f o r t h   be low,   the  d i e l e c t r i c   c e r a m i c  

c o m p o s i t i o n s   of  the  p r e s e n t   i n v e n t i o n   have  s e v e r a l   a d v a n t a g e s  

which  r e s u l t   in  s u b s t a n t i a l   t e c h n o l o g i c a l   advancement   and  c o s t  

s av ings   w i t h o u t   s a c r i f i c i n g   d e s i r a b l e   p h y s i c a l   and  e l e c t r i c a l  

p r o p e r t i e s .  

The  p r e s e n t   i n v e n t i o n   p r o v i d e s   a  novel  d i e l e c t r i c  

ceramic   c o m p o s i t i o n   hav ing   a  d i e l e c t r i c   c o n s t a n t   between  3000 



and  4700,  and  with  s t a b l e   TC  c h a r a c t e r i s t i c s   which  can  be  

p r e p a r e d   by  f i r i n g   the  component  oxides   or  p r e c u r s o r s   t h e r e o f  

at  a  t e m p e r a t u r e   between  1280°C  and  1350'C.  This  c o m p o s i t i o n  

d i f f e r s   s u b s t a n t i a l l y   from  those   d i s c l o s e d   in  the  p r io r   art   i n  

which  d e s i r a b l e   d i e l e c t r i c   p r o p e r t i e s ,   such  as  a  h i g h e r  

d i e l e c t r i c   c o n s t a n t ,   are  s a c r i f i c e d   in  order   to  o b t a i n  

m a t e r i a l s   which  have  s t a b l e   TC  c h a r a c t e r i s t i c s .   S i n c e  

c o n v e n t i o n a l   m a t e r i a l s   have  d i e l e c t r i c   c o n s t a n t s   not  more  t h a n  

about   3000,  the  use  of  the  ceramic  c o m p o s i t i o n s   of  t h i s  

i n v e n t i o n   in  m u l t i l a y e r   c a p a c i t o r s   p r o v i d e s   s m a l l e r   d e v i c e s  

with  s i g n i f i c a n t l y   h ighe r   c a p a c i t a n c e   values   under  the  same 

p h y s i c a l   s ize   r e s t r i c t i o n ,   due  to  t h e i r   much  h i g h e r   d i e l e c t r i c  

c o n s t a n t s .   Also  because   of  t h e i r   much  h igher   d i e l e c t r i c  

c o n s t a n t s ,   the  use  of  the  ceramic  c o m p o s i t i o n s   of  t h i s  

i n v e n t i o n   in  m u l t i l a y e r   c a p a c i t o r s  p r o v i d e s   the  s m a l l e s t  

p o s s i b l e   p h y s i c a l   s i ze   under  the  same  c a p a c i t a n c e   r e s t r i c t i o n .  

Also  because   of  t h e i r   much  h igher   d i e l e c t r i c   c o n s t a n t s ,   t h e  

use  of  the  ceramic  c o m p o s i t i o n s   of  t h i s  i n v e n t i o n   i n  

m u l t i l a y e r   c a p a c i t o r s   r e s u l t s   in  s i g n i f i c a n t l y   l e s s   c e r a m i c  

and  e l e c t r o d e   m a t e r i a l   usage.   With  the  ever  i n c r e a s i n g   c o s t  

of  p r e c i o u s   m e t a l s ,   e s p e c i a l l y   p a l l a d i u m ,   the  m a n u f a c t u r i n g  

cos t   of  MLC'a  can  be  s i g n i f i c a n t l y   reduced  with  the  p r e s e n t  

i n v e n t i o n .  

A  f i r e d   ceramic   body  of  the  p r e s e n t   i n v e n t i o n   i s  

p roduced   by  r e a c t i n g   dur ing  the  course   of  f i r i n g   t h e  

c o n s t i t u e n t   d i e l e c t r i c   oxides   of  the  ceramic  p r e p a r a t i o n ,  

i n c l u d i n g   barium  t i t a n a t e s ,   niobium  p e n t o x i d e   and  c o b a l t  

o x i d e .  

The  p r e f e r r e d   niobium  p e n t o x i d e   for  use  in  t h i s  

i n v e n t i o n   is  about  99J  pure  and  has  a  p a r t i c l e   s i ze   of  a b o u t  



0.5  to  0.9  µm  and  the  p r e f e r r e d   coba l t   oxide  is  about  70-74% 

pure  and  has  a  p a r t i c l e   s ize   of  leas  than  about   1  µm.  

In  p r e p a r i n g   the  ceramic  p r e p a r a t i o n   used  in  t h i s  

i n v e n t i o n ,   bar ium  t i t a n a t e ,   niobium  p e n t o x i d e ,   and  c o b a l t  

oxide  in  the  p r o p o r t i o n s   set   f o r t h   above  may  be  s l u r r i e d  

t o g e t h e r   in  wa te r ,   or  p h y s i c a l l y   b lended  t o g e t h e r .   The 

mix tu re   of  the  ceramic   p r e p a r a t i o n   may  be  mixed  with  a  b i n d e r  

c o m p o s i t i o n   and  cas t   in to   a  shee t   using  s t a n d a r d   methods,  and 

formed  i n to   a  m u l t i l a y e r  c a p a c i t o r   s t r u c t u r e   with  i n t e r n a l  

e l e c t r o d e s   such  as  70  p e r c e n t   p a l l a d i u m / 3 0   p e r c e n t   s i l v e r ,   and 

f i r e d   at  about   1280°C  to  1350°C  for  about   two  h o u r s .  

Any  c o n v e n t i o n a l   ceramic   b inde r   c o m p o s i t i o n s   may  be  

used  with  t h i s   i n v e n t i o n   which  is  c o m p a t i b l e   with  the  o t h e r  

m a t e r i a l s   used  and  simply  p r o v i d e s   a  v e h i c l e   for  d i s p e r s i n g  

the  ce ramic   p a r t i c l e s   and  ho ld ing   them  t o g e t h e r   when  t h e  

s o l v e n t   is  removed.   S u i t a b l e   b inde r   c o m p o s i t i o n s   a r e  

d e s c r i b e d   in  "Ceramic  Process   Before   F i r i n g , "   G.Y.  Onoda  J r . ,  

et  a l .   John  Wiley &  Sons  (1978)  Chap.  19.  Corn  Syrup  and 

P o l y v i n y l   a l c o h o l   are  examples  of  s u i t a b l e   b i n d e r  

c o m p o s i t i o n s .  

The  f i r e d   d i e l e c t r i c   c o m p o s i t i o n   of  t h i s   i n v e n t i o n  

has  an  i n s u l a t i o n   r e s i s t a n c e - c a p a c i t a n c e   p r o d u c t   (RC)  g r e a t e r  

than  5,000  ohm-fa rads   at  25°C  and  50  VDC/mil,  and  g r e a t e r   t h a n  

1000  o h m - f a r a d s   at  125°C  and  50  VDC/mil.  The  d i e l e c t r i c  

c o n s t a n t   is  t y p i c a l l y   between  about  3000  to  4700  at  1  KHz  and 

.  1  vo l t   rms,  and  the  d i s s i p a t i o n   f a c t o r   is  t y p i c a l l y   l ess   t h a n  

3.0  p e r c e n t   at  1  KHz  and  1  v o l t   rms .  

The  i n v e n t i o n   wi l l   be  f u r t h e r   i l l u s t r a t e d   by  t h e  

f o l l o w i n g   examples ,   but  the  i n v e n t i o n   is  not  in tended   to  be  

l i m i t e d   t h e r e t o .   The  va lues   given  for  the  examples  he re in   a r e  



s u b j e c t   to  v a r i a t i o n s   based  on  f a c t o r s   known  in  the  a r t .   F o r  

example ,   with  r e s p e c t   to  Examples  1-35  h e r e i n ,   t h e  d i e l e c t r i c  

c o n s t a n t   may  be  s i g n i f i c a n t l y   i n c r e a s e d   and  the  d i s s i p a t i o n  

f a c t o r   may  be  s i g n i f i c a n t l y   dec rea sed   by  p u l v e r i z i n g ,   m i l l i n g ,  

u n i f o r m l y   d i s p e r s i n g ,   or  o t h e r w i s e   reducing  the  s t a r t i n g  

m a t e r i a l s   to  very  f ine   p a r t i c l e s .   Such  p r a c t i c e s ,   which  a r e  

commonly  c a r r i e d   out  in  the  course   of  m a n u f a c t u r i n g   c e r a m i c  

c a p a c i t o r s ,   were  not  employed  to  t h e i r   fu l l   ex ten t ,   in  t h e  

p r e p a r a t i o n   of  Examples  1-35.  In  a d d i t i o n ,   v a r i a t i o n s   i n  

f i r i n g   c o n d i t i o n s ,   sample  t h i c k n e s s   and  p r e p a r a t i o n ,   and 

measurement   e r r o r   may  r e s u l t   in  d i f f e r e n c e s   in  the  o b s e r v e d  

va lues   f o r  t h e   same  c o m p o s i t i o n .   Thus,  depending  upon 

m a n u f a c t u r i n g   t e c h n i q u e s ,   and  with  l i t t l e   regard   to  p a r t i c l e  

s i z e ,   the  p r o p e r t i e s   of  ceramic   compos i t i ons   made  us ing  t h e  

p r o p o r t i o n s   given  in  Examples  1-35  can  vary  from  va lues   g i v e n :  

for  example  the  d i e l e c t r i c   c o n s t a n t s   may  vary  by  ±100,  t h e  

d i s s i p a t i o n   f a c t o r   may  vary  by  +0.2  p e r c e n t ,   and  t h e  

c a p a c i t a n c e   change  with  t e m p e r a t u r e   versus   c a p a c i t a n c e   at  25*C 

may  vary  by  +1.5  p e r c e n t .  

D e t a i l s   of  p r e f e r r e d   embodiments  of  the  p r e s e n t  

i n v e n t i o n   are  f u r t h e r   d e s c r i b e d   in  the  f o l l owing   e x a m p l e s .  

Examples  1-11 

30  to  50  grams  of  ceramic  c o m p o s i t i o n s   were  p r e p a r e d  

by  adding  high  p u r i t y   barium  t i t a n a t e   (BaTiO3),  t e c h n i c a l  

grade  f ine  p a r t i c l e   s i ze   niobium  pen tox ide   (Nb2O5),  and 

t e c h n i c a l   grade  f ine   p a r t i c l e   s ize   coba l t   oxide  (CoO) 

a c c o r d i n g   to  the  weight   p e r c e n t   as  shown  in  Table  1.  The 

barium  t i t a n a t e   employed  in  the  above  examples  has  BaO/TiO2 

s t o i c h i o m e t r y   of  0 .986  and  average  p a r t i c l e   s ize   of  1 .2µm. 

The  ceramic  powders  were  f u r t h e r   blended  with  15  to  25  cc  o f  



d i s t i l l e d   wate r   and  mixed  t h o r o u g h l y   in  a  high  speed  Spex 

model  800-2  p a i n t   mixer   m a n u f a c t u r e d   by  Spex  I n d u s t r i e s   I n c . ,  

New  J e r s e y   for   about   10  m i n u t e s .   The  wet  s l u r r y   was  t h e n  

d r i e d   i n t o   a  cake  and  ground  with  mor t a r   and  p e s t l e .   2.4  t o  

4 .0cc   of  a  b i n d e r   s o l u t i o n   i n c l u d i n g   26  weight  pe r cen t   w a t e r ,  

26  we igh t   p e r c e n t   p r o p y l e n e   g l y c o l   and  48  weight   p e r c e n t   c o r n  

syrup  was  mixed  i n t o   the  c e r a m i c  p o w d e r   in  a  mor tar   and  p e s t l e  

which  was  then  g r a n u l a t e d   t h rough   a  40  mesh  nylon  s c r e e n .  

Discs  of  the   r e s u l t a n t   m ix tu re   having  a  d i ame te r   of  1.27  em 

and  a  t h i c k n e s s   of  0.1  to  0 .15  cm  were  p res sed   at  a  p r e s s u r e  

of  about   38 ,000   1 b s  p e r   squa re   inch  in  a  s t a i n l e s s   s t e e l   d i e .  

T h e   d i s c s   were  p l aced   on  a  s t a b i l i z e d   z i r c o n i a   s e t t e r   and 

f i r e d   at  t e m p e r a t u r e s   of  1280°C  to  1340°C  for  1  to  2  h r s .  

A f t e r   c o o l i n g ,   s i l v e r   e l e c t r o d e s   were  p a i n t e d   on  the  d i s c s  

which  were  then  f i r e d   at  815°C  to  s i n t e r   on  the  e l e c t r o d e s .  

The  c a p a c i t a n c e   (C),  the  d i s s i p a t i o n   f a c t o r   (DF),  and  t h e  

c a p a c i t a n c e   change  with  t e m p e r a t u r e   ve r sus   c a p a c i t a n c e   at  25°C 

(TC)  were  then   measured  wi th   a  model  ESI2110A  c a p a c i t a n c e  

b r i d g e   at  1KHz  measurement   f r e q u e n c y ,   from  -55°C  to  +125°C  a t  .  

a b o u t   20°C  i n t e r v a l s .   The  d i e l e c t r i c   c o n s t a n t   of  each  s a m p l e  

(K)  was  then  c a l c u l a t e d   from  the  f undamen ta l   c a p a c i t a n c e  

e q u a t i o n :  

where  K  =  d i e l e c t r i c   c o n s t a n t   of  the  s a m p l e  
t  =  t h i c k n e s s   of  the  d i sc   in  i n c h e s  
D  =  d i a m e t e r   of  the  d i sc   in  i n c h e s  
C  =  c a p a c i t a n c e   of  the  d isc   in  pico  f a r a d s  



The  d i e l e c t r i c   p r o p e r t i e s   of  Examples  1-11  a s  

summarized  in  Table  I I   d e m o n s t r a t e   t h a t ,   when  Nb2O5  and  CoO 

are  added  u n i f o r m l y   i n to   the  BaTiO3  host   m a t e r i a l ,   c e r a m i c  

c o m p o s i t i o n s   with  d i e l e c t r i c   c o n s t a n t s   g r e a t e r   than  3000  and 

with  s t a b l e   TC  c h a r a c t e r i s t i c s ,   such  as  Examples  2  to  10  a r e  .  

o b t a i n e d .   As  w i l l   be  d e m o n s t r a t e d   in  l a t e r   examples,   both  t h e  

d i e l e c t r i c   c o n s t a n t s   and  TC  c h a r a c t e r i s t i c s   wi l l   be  f u r t h e r  

improved  when  these   ceramic   c o m p o s i t i o n s   are  c o f i r e d   w i t h  

s i l v e r / p a l l a d i u m   i n t e r n a l   e l e c t r o d e s   in  a  MLC  c o n s t r u c t i o n .  

The  d i e l e c t r i c   data  in  Table  I I   a l so   shows  tha t   when 

the  t o t a l   Nb2O5  and  CoO  weight   p e r c e n t   is  l e s s   than  a b o u t  

1 wt.%,  such  as  in  Example  1,  the  ceramic   compos i t ion   has  t o o  

n e g a t i v e   a  TC  change  at  low  t e m p e r a t u r e s   and  much  h ighe r   DF 
a l t h o u g h   K  is  very  h igh.   When  the  Nb2O5  to  CoO  weight  r a t i o  

i s   h ighe r   than  18.0,   such  as  Example  11,  TC  becomes  u n s t a b l e  

and  DF  is  high,   a l t hough   K  is   very  high  a g a i n .  



Examples  which  are  o u t s i d e   the  scope  of  t h i s  

i n v e n t i o n ,   such  as  1  and  11,  w i l l   be  l a b e l e d   with  min 

h e r e a f t e r .  

Examples   1 2 - 1 8  

30  to  50  grams  of  ce ramic   c o m p o s i t i o n s   were  p r e p a r e d  

by  a d d i n g   high  p u r i t y   barium  t i t a n a t e ,   t e c h n i c a l   grade  f i n e  

p a r t i c l e   s i z e   niobium  p e n t o x i d e ,   and  t e c h n i c a l   grade  f i n e  

p a r t i c l e   s i z e   c o b a l t   ox ide ,   a c c o r d i n g   to  the  w e i g h t  

p e r c e n t a g e s   as  shown  in  Table   I I I .   Fine  p a r t i c l e   s i z e ,   h i g h  

p u r i t y   t i t a n i u m   d iox ide   (TiO2),   or  barium  oxide  (added  a s  

bar ium  c a r b o n a t e   (BaCO3)  were  a l so   added  in to   the  c o m p o s i t i o n  

t o   a d j u s t   the  BaO/TiO2  s t o i c h i o m e t r y .   Ceramic  d isc   s a m p l e s  

were  p r e p a r e d ,   s i n t e r e d ,   and  d i e l e c t r i c   p r o p e r t i e s   measu red  

w i t h   the   same  t e c h n i q u e   as  d e s c r i b e d   in  Examples  1  to  11.  T h e  

d i e l e c t r i c   data  as  shown  in  Table  IV  d e m o n s t r a t e   t h a t   when  t h e  



BaO/TiO2  s t o i c h i o m e t r i c   r a t i o   is  g r e a t e r   than  0.993  such  as  i n  

Examples  17  and  1B,  the  r e s u l t i n g   ce ramics   have  low  d i e l e c t r i c  

c o n s t a n t s   and  very  high  d i s s i p a t i o n   f a c t o r s   and  t h e r e f o r e   a r e  

not  s u i t a b l e   for  HLC  a p p l i c a t i o n s .   Although  not  shown  in  t h e  

data  p r o v i d e d   in  Table  I I I ,   when  the  BaO/TiO2  r a t i o   is  l e s s  

than  0.958  as  in  Example  15  the  TC  at  -55°C  tends  to  become 

much  more  n e g a t i v e .   Past   e x p e r i e n c e   has  also  i n d i c a t e d   t h a t  

ceramic  c o m p o s i t i o n s   with  too  l a r g e   an  excess   TiO2 have  a  

t endency   to  deve lop   nonun i fo rm  m i c r o s t r u c t u r e s   and  p o o r  

r e l i a b i l i t y .  



Example  19 -21  

500  grams  of  high  p u r i t y   BaCO3  and  202  grams  of  h i g h  

p u r i t y   TiO2  are  t h o r o u g h l y   mixed  and  d i s p e r s e d   in  about  175ec 

of  d e i o n i z e d   water  u n t i l   a  u n i f o r m l y   d i s p e r s e d   s l u r r y   i s  

o b t a i n e d .   Up  to  4   weight   p e r c e n t   "DARVAN  C"1/  may  be  added 

i n t o   the  s l u r r y   to  help  to  d i s p e r s e   t h e  p o w d e r   p a r t i c l e s .   The 

s l u r r y   is  then  d i s c h a r g e d   i n t o   a  d ry ing   pan  and  dr ied   in  an  

oven  at  about   150°C  with  f o r c e d   a i r   c i r c u l a t i o n .   The  d r i e d  

cake  is  then  p u l v e r i z e d ,   l oaded   i n t o   a  ceramic  s a g g e r ,   and 

c a l c i n e d   at  t e m p e r a t u r e   from  about   1900°F  to  about   2200°F  f o r  

abou t   1  hour  t o  5   h o u r s .   X-ray  d i f f r a c t i o n   and  BaD  a l k a l i n i t y  

t e s t s   on  the  examples  i n d i c a t e d   complete   r e a c t i o n   and 

f o r m a t i o n   o f  h i g h   p u r i t y   BaTiO3.  The  c a l c i n e d   powder  was  t h e n  

v i b r a t o r y   energy  m i l l e d   w i t h   ZrO2  media  u n t i l   the  a v e r a g e  

p a r t i c l e   s i z e   was  reduced   to  l e s s   than  1.2  µm.  I t   wi l l   b e  

o b v i o u s   to  those   s k i l l e d   in  the  a r t   tha t   p a r t i c l e   s i z e  

r e d u c t i o n   can  also  be  a c h i e v e d   by  a l t e r n a t i v e   methods,   e . g . ,  

b a l l   m i l l i n g ,   and  t h a t   the   m i l l i n g   media  can  be  any  c o m p a t i b l e  

1  DARVAN  C  is  a  a l k a l i   ion  f r ee   aqueous  d i s p e r s i n g   a g e n t  
c o m p r i s i n g   a  m i x t u r e   of  p o l y e l e c t r o l y t e s ,   ammonia  and 
s u l f u r   a v a i l a b l e   from  W.P.  V a n d e r b i l t   Co.,  Conn. 



wear  r e s i s t a n t   m a t e r i a l   such  as  Zr02,  z i r c o n ,   a lumina ,   or  t h e  

l i k e .   Another   a l t e r n a t i v e   method  for  reducing   p a r t i c l e   s i z e  

i s   je t   m i l l i n g   w i t h  c o m p r e s s e d   a i r   wi thout   media.  W h a t e v e r  

p r o c e s s   might  be  s e l e c t e d ,   the  c r i t i c a l   r e q u i r e m e n t   is  t h a t   i t  

does  not  c o n t a m i n a t e   the  ceramic   powder,  e . g . ,   w i t h  

s i g n i f i c a n t   media  wear.  30  to  50  grams  of  c e r a m i c  

c o m p o s i t i o n s   a c c o r d i n g   to  the  weight   p e r c e n t s   as  shown  i n  

Table  V  are  p r epa red   and  t h e i r   d i e l e c t r i c   p r o p e r t i e s   m e a s u r e d  

with  the  same  t e c h n i q u e   as  d e s c r i b e d   in  Examples  1  to  11.  The 

d i e l e c t r i c   da ta   as  shown  in  Table  VI  d e m o n s t r a t e s   tha t   t h e  

h i g h   p u r i t y   BaTi03  p r e p a r e d   in  accordance   with  the  p r e s e n t  

i n v e n t i o n   p r o v i d e s   ceramic   c o m p o s i t i o n s   with  high  d i e l e c t r i c  

c o n s t a n t s   and  s t a b l e   TC  c h a r a c t e r i s t i c s .   The  d i e l e c t r i c  

p e r f o r m a n c e   of  t hese   examples  is  s i m i l a r   to  those   a s  

d e m o n s t r a t e d   in  Examples  2  to  10 .  



Examples  2 2 - 2 9  

Batches  of  about   4.5  k i l og rams   or  about   270 

k i l o g r a m s   of  ceramic  c o m p o s i t i o n s   were  p r e p a r e d   for  Examples  

22-29  by  b l end ing   and  mixing  high  p u r i t y   barium  t i t a n a t e ,  

t e c h n i c a l   grade  f ine   p a r t i c l e   s ize   c o b a l t   oxide  and  n i o b i u m  

p e n t o x i d e   in  twin  s h e l l   b l e n d e r s ,   m a n u f a c t u r e d   by  P a t t e r s o n  -  

K e l l e y   Co.,  E.  S t r o u d s b u r g ,   PA,  a c c o r d i n g   to  the  c o m p o s i t i o n s  

shown  in  Table  V I I .  

400  grams  of  the  above  u n i f o r m l y   b lended   c e r a m i c  

c o m p o s i t i o n s   was  then   charged  in to   a  b a l l   m i l l   with  1/2  i n c h  

a l u m i n a   media  t o g e t h e r   with  218  grams  of  a  b inde r   s o l u t i o n  

made  by  un i fo rmly   mixing  and  d i s s o l v i n g   186  g rams  

d i o c t y l p h t h a l a t e ,   90  grams  Nuostabe  V-1444, 2/   597  ml  e t h a n o l ,  

270  ml  t o l u e n e ,   and  372  grams  Butvar   B-763/   v iny l   r e s i n .  

2   Nuostabe  V-1444  is  an  a l k a l i   ion  f ree   o rgan ic   s o l v e n t  
d i s p e r s i n g   agent   a v a i l a b l e   from  Nuodex  Co.  I n c . ,   New 
J e r s e y .  



Other  c o m p a t i b l e   b i n d e r s . m a y   be  used  such  as  those  b i n d e r s  

d e s c r i b e d   in  "Ceramic  P r o c e s s e s   Before  F i r i n g "   I d :  

This  s l u r r y   was  mi l l ed   for  16  hours ,   d i s c h a r g e d ,   and 

f i l t e r e d   t h rough   a  44  micron  s c r e e n .   This  s l u r r y ,   having  a 

v i s c o s i t y   of  about  1500  to  3000  c e n t i p o i s e ,   was  then  d e - a i r e d  

and  c a s t ,   in  a c c o r d a n c e   with  s t a n d a r d   t e c h n i q u e s ,   in to   a  t a p e  

with  a  t h i c k n e s s   of  1.5  mi l s .   The  tape  was  conver ted   i n t o  

m u l t i l a y e r   ceramic   c a p a c i t o r s   h a v i n g  7 0   pe rcen t   P a l l a d i u m / 3 0  

p e r c e n t   s i l v e r ;   100  p e r c e n t   P a l l a d i u m ;   40  pe rcen t   g o l d / 4 0  

p e r c e n t   p l a t i n u m / 2 0   p e r c e n t   p a l l a d i u m ;   or  100  pe rcen t   p l a t i n u m  

e l e c t r o d e s   via  c o n v e n t i o n a l   p r o c e s s e s   well  known  in  t h e  

i n d u s t r y .   Samples  with  no  e l e c t r o d e s   at  a l l   were  a l s o  

p r e p a r e d   for  pu rposes   of  compar i son .   The  c a p a c i t o r s   w e r e  

p r e h e a t e d   to  260°C  for   48  h o u r s ,   placed  on  s t a b i l i z e d   z i r c o n i a  

s e t t e r s   and  s i n t e r e d   at  1280°C  to  1350°C  for  2  h o u r s .   The 

s i n t e r e d   c a p a c i t o r s   had  10  a c t i v e   d i e l e c t r i c   l aye r s   w i t h  

d i e l e c t r i c   t h i c k n e s s   ranging   from  0.85  to  1.10  m i l .  

T e r m i n a t i o n   e l e c t r o d e s   of  DuPont  S i l v e r  p a i n t   No.  4822,  w h i c h  

is  a  m i x t u r e   of  s i l v e r   and  g l a s s   f r i t   in  a  b inde r ,   w e r e  

a p p l i e d   at  o p p o s i t e   ends  of  the  m u l t i l a y e r   c a p a c i t o r   t o  

connec t   a l t e r n a t e   e l e c t r o d e   l a y e r s   and  these  c a p a c i t o r s   were  

f i r e d   at  815°C  in  a  t u n n e l   f u r n a c e ,   the  d i e l e c t r i c   c o n s t a n t  

(K),  d i s s i p a t i o n   f a c t o r   (DF),  i n s u l a t i o n   r e s i s t a n c e   (R)  a n d  

c a p a c i t a n c e   (C)  p r o d u c t   (RC)  at  25°C,  and  125°C,  and 

c a p a c i t a n c e   change  with  t e m p e r a t u r e   (TC)  versus   c a p a c i t a n c e   a t  

25°C  were  measured  with  the  same  i n s t r u m e n t s   de sc r i bed   i n  

Examples  1  -  1 1 .   The  r e s u l t s   are  shown  in  Table  VIII  b e l o w .  

'  T h e   measurements   were  again  performed  from  -55°C  to  125°C  i n  

3   Butvar   B-76  is  a  b inde r   compr i s ing   a  mixture   of  p o l y v i n y l  
b u t y r a l ,   p o l y v i n y l   a l c o h o l   and  p o l y v i n y l   a c e t a t e   a v a i l a b l e  
from  Monsanto  C o r p .  



2 0 ° C  i n c r e m e n t s .  

The  d i e l e c t r i c   p r o p e r t i e s   of  Examples  22  -   29  a s  

summarized  in  Table  VIII  d e m o n s t r a t e   t h a t   m u l t i l a y e r   c e r a m i c  

c a p a c i t o r s   manufac tu red   from  ce ramic   c o m p o s i t i o n s   of  t h i s  

i n v e n t i o n   have  high  d i e l e c t r i c   c o n s t a n t s ,   g r e a t e r   than  3500 

and  up  to  4800,  low  d i s s i p a t i o n   f a c t o r ,   l e s s   than  2%,  v e r y  

s t a b l e   TC  c h a r a c t e r i s t i c s ,   and  high  i n s u l a t i o n   r e s i s t a n c e  -  

c a p a c i t a n c e   p r o d u c t s ,   g r e a t e r   than  4000  at  25°C  and  g r e a t e r  

than  2000  at  125°C.  The  d i e l e c t r i c   p r o p e r t i e s   of  these   MLC's 

a l l   meet  and  exceed  the  r e q u i r e m e n t s   l i s t e d   in  the  EIA 

( E l e c t r o n i c   I n d u s t r i e s   A s s o c i a t i o n )   s p e c i f i c a t i o n   for  X7R 

c e r a m i c   m u l t i l a y e r   c a p a c i t o r s .   For  X7R,  such  s p e c i f i c a t i o n  

demands  t h a t   the  c a p a c i t o r s   meet  the  r e q u i r e m e n t   o f  

d i s s i p a t i o n   f a c t o r   l e s s   than  3%,  RC  p r o d u c t   g r e a t e r   than  1000 

at  25°C  and  g r e a t e r   than  100  at  125°C,  and  TC  w i t h i n  +   15% 

from  -55°C  to  1 2 5 ° C .  

Of  p a r t i c u l a r   i m p o r t a n c e   to  the  ceramic  c o m p o s i t i o n s  

of  t h i s   i n v e n t i o n   are  the  improved.  d i e l e c t r i c   p r o p e r t i e s ,  

p a r t i c u l a r l y   the  d i e l e c t r i c   c o n s t a n t   and  the  TC  at  low 

t e m p e r a t u r e s   which  may  be  f u r t h e r   improved  when  the  c e r a m i c s  

are  c o f i r e d   with  i n t e r n a l   e l e c t r o d e   m a t e r i a l s   in  m a n u f a c t u r i n g  

the  MLC's .  





Examples  3D-31 

About  900  k i l o g r a m s   of  ceramic  compos i t i on   w e r e  

p r epa red   by  b l e n d i n g   and  mixing  in  the  same  manner  a s  

d e s c r i b e d   in  Examples  22-29  a c c o r d i n g   to  the  c o m p o s i t i o n s   a s  

shown  in  Table  IX.  M u l t i l a y e r   ceramic   c a p a c i t o r s   were  made 

and  t h e i r   d i e l e c t r i c   p r o p e r t i e s   were  measured  in  the  same 

manner  as  d e s c r i b e d   in  Examples  22-29.   The  r e s u l t s   a s  

summarized  in  Table   X  d e m o n s t r a t e   t ha t   m u l t i l a y e r   c a p a c i t o r s  

made  from  ce ramic   c o m p o s i t i o n s   of  t hese   examples  a l so   h a v e  

high  d i e l e c t r i c   c o n s t a n t s ,   low  d i s s i p a t i o n   f a c t o r s ,   h i g h  

i n s u l a t i o n   r e s i s t a n c e ,   and  s t a b l e   TC  c h a r a c t e r i s t i c s   m e e t i n g  

EIA's   X7R  s p e c i f i c a t i o n .  



Examples  32 -35  

About  500  grams  of  the  ceramic  composi t ion   o f  

Example  29  were  added  with  about  350cc  of  de ion ized   water  and 

about  5  grams  of  DARVAN  C  d i s p e r s i n g   agent .   Table  XI  shows 

t h e   average  p a r t i c l e   s i ze   and  the  d i e l e c t r i c   composi t ion  o f  

Examples  32-35.  The  powder  was  then  ba l l   mil led  with  z i r c o n i a  

m i l l i n g   media  in  a  rubber   l i ned   m i l l i ng   jar  for  about  10  to  40  

hours  u n t i l   the  average   p a r t i c l e   s i zes   were  1.27,  1.20,  0 . 8 ,  

a n d   0.6 µm  r e s p e c t i v e l y .   Subsequent   chemical  a n a l y s i s  

i n d i c a t e   no  impur i ty   pick  up  from  the  z i r c o n i a   media.  Ceramic  

d i s c s   were  p repared   and  t h e i r   d i e l e c t r i c   p r o p e r t i e s   measured  

i n   the  same  manner  as  d e s c r i b e d   in  Examples  1 to  11.  The  d a t a  

a s   shown  in  Table  XII  d e m o n s t r a t e   tha t   even  with  the  same 

c e r a m i c   compos i t i on ,   the  c o n t r o l   of  proper  p a r t i c l e   s i z e  

d i s t r i b u t i o n   to  ob t a in   d e s i r a b l e   e l e c t r i c a l   p r o p e r t i e s   i s  



i m p o r t a n t .   When  the  average  p a r t i c l e   s i z e s   are  less   than  0 . 8  

µm,  such  as  in  Examples  34  and  35,  the   TC  at  both  the  cold  and  

hot  t e m p e r a t u r e   s ide   are  much  too  n e g a t i v e ,   and  t h e  

d i s s i p a t i o n   f a c t o r s   are  very  h igh ,   a l t h o u g h   the  d i e l e c t r i c  

c o n s t a n t   is  very   high.   These  ce ramic   compos i t i ons   are  o u t s i d e  

t h e   scope  of  t h i s   i n v e n t i o n .   Based  on  p r ev ious   ar t   and 

e x p e r i e n c e   c o m p o s i t i o n s   with  a v e r a g e   p a r t i c l e   s i zes   l a r g e r  

than  1 . 3 0 µ m ,   are  also  not  d e s i r a b l e   because  s u c h  

c o m p o s i t i o n s   are   u s u a l l y   d i f f i c u l t   to  s i n t e r   t o  f u l l   d e n s i t y  

which  causes   lower   d i e l e c t r i c   c o n s t a n t s   and  h igher   d i s s i p a t i o n  

f a c t o r s .  



1.  A  ceramic   c o m p o s i t i o n ,   c o m p r i s i n g :  

about  9 7 . 7 0  -   98-99  %  wt  barium  t i t a n a t e ;  

about  0 . 8 5  -   1.69%  wt  of  niobium  p e n t o x i d e ;  

about  0 . 0 9  -   1.20%  wt  of  c o b a l t   o x i d e ;  

and  a  wt  r a t i o   of  niobium  p e n t o x i d e   to  coba l t   o x i d e  

of  about   3.30  to  1 8 . 0 0 .  

2.  The  ce ramic   compos i t ion   of  c la im  1,  w h e r e i n :  

the  barium  t i t a n a t e   has  a  p u r i t y   of  about   99.0%,  a 

BaO/TiO2  s t o i c h i o m e t r i c   r a t i o   of  about  0 .950   to  0 .995;   and  an 

ave rage   p a r t i c l e   s i z e   of  about  0.90µm  t o  1 . 3 0 µ m .  

3.  The  ce ramic   compos i t ion   of  c la im  2,  w h e r e i n :  

the  niobium  p e n t o x i d e   has  a  p u r i t y   of  about  99.0% 

and  a  p a r t i c l e   s ize   of  about  0.5  to  0.9µm;  a n d  

the  c o b a l t   oxide   has  a  p u r i t y   of  abou t   70%  to  74% 

and  a  p a r t i c l e   s i ze   of  l e s s   than  about  1.0  µm.  

4.  The  ce ramic   compos i t i on   of  c l a im  1  w h e r e i n :  

the  barium  t i t a n a t e   compr i ses   about   98.82  %  w t ;  

the  niobium  p e n t o x i d e   compr i se s   abou t   0.98%  w t ;  

the  c o b a l t   oxide  comprises   about   0.20%  wt;  and 

the  n iobium  p e n t o x i d e   to  c o b a l t   ox ide   weight  r a t i o  

is  about   4 . 9 0 .  



5.  A  ceramic   c o m p o s i t i o n   for  making  MLCs 

having  high  d i e l e c t r i c   c o n s t a n t s   and  TC  c h a r a c t e r i s t i c s   t h a t  

v a r y  n o   more  than  about  + 15  p e r c e n t   from  t h e i r   r e f e r e n c e  

value   at  25°C  over  a  t e m p e r a t u r e   r ange   of  -55°C  to  125°C,  t h e  

c o m p o s i t i o n   c o m p r i s i n g   a  m i x t u r e   o f :  

about   9 7 . 7 0  -   98.99 %  wt  barium  t i t a n a t e ;  

about   0 . 8 5  -   1.69  % wt  of  niobium  p e n t o x i d e ;  

about   0 . 0 9  -   1.20  w t   of  c o b a l t   o x i d e ;  

having   a  weight  r a t i o   of  n iobium  p e n t o x i d e   to  c o b a l t  

oxide  of  about  3.30  to  18.00;   and 

the  mix tu re   d i s p e r s e d   in  a  b inde r   c o m p o s i t i o n .  

6.  The  ceramic   c o m p o s i t i o n   of  c la im  5,  w h e r e i n :  

the  barium  t i t a n a t e   has  a  p u r i t y   g r e a t e r   than  a b o u t  

99.0%,  the  BaO/TiO2  s t o i c h i o m e t r i c   r a t i o   is  about  0 .950  t o  

0.995,   and  an  average   p a r t i c l e   s i z e   is  about  0.90pm  to  1.30µm. 

7.  The  ceramic  c o m p o s i t i o n   of  c la im  6,  w h e r e i n :  

the  niobium  p e n t o x i d e   has  a  p u r i t y   of  about  99.0% 

a n d   a  p a r t i c l e   s i ze   of  about  0.5  to  0.9µm;  and  

the  c o b a l t   oxide  has  a  p u r i t y   of  about  70%  to  74% 

and  a  p a r t i c l e   s i ze   of  l e s s   than  about   1.0  µ m .  

8.  The  ceramic   c o m p o s i t i o n   of  claim  5,  w h e r e i n :  

the  barium  t i t a n a t e   c o m p r i s e s   about  98.82%  w t ;  

the  niobium  p e n t o x i d e   c o m p r i s e s   about  0.98%  w t ;  

the  c o b a l t   oxide  compr i s e s   about  0.20%  wt;  and 

the  niobium  p e n t o x i d e   to  c o b a l t   oxide  weight   r a t i o  

is  about  4 . 9 0 .  



9.  A  MLC  p r epa red   with  the  c o m p o s i t i o n   of  any  one 

of  c laims  1  thru   8  and  c o f i r e d   with  at  l e a s t   one  m e t a l  

s e l e c t e d   from  the  group  c o n s i s t i n g   of  s i l v e r ,   go ld ,   p l a t i n u m  

and  p a l l a d i u m .  

10.  A  method  for  p r e p a r i n g   MLCs  having  d i e l e c t r i c  

c o n s t a n t s   between  about  3000  and  4700  and  s t a b l e   TC's  which 

compr i ses   the  s t e p s   o f :  

(a)  forming  a  p l u r a l i t y   of  d i e l e c t r i c   l aye r s   from  a 

mix tu re   c o m p r i s i n g :  

about   9 7 - 7 0  -   98.99 %  wt  barium  t i t a n a t e ;  

about  0 . 8 5  -   1.69 %  wt  of  n iobium  p e n t o x i d e ;  

about   0 . 0 9  -   1.20 %  wt  of  c o b a l t   o x i d e ;  

and  a  wt  r a t i o   of  n iobium  p e n t o x i d e   to  coba l t   o x i d e  

of  about  3.30  to  1 8 . 0 0 ;  

(b)  c o m p r e s s i n g   and  f i r i n g   the  m i x t u r e ;   and 

(c)  forming  a  p l u r a l i t y   of  e l e c t r o d e s   between  t h e  

d i e l e c t r i c   l a y e r s .  

11.  The  method  of  c la im  10,  w h e r e i n :  

the  barium  t i t a n a t e   has  a  p u r i t y   of  about   99%;  a 

BaO/TiO2  s t o i c h i o m e t r i c   r a t i o   of  about   0 .950  to  0 .995;   and  an 

average   p a r t i c l e   s i ze   of  about   0.90  µm  to  1.30  µm.  

12.  The  method  of  c la im  11,  w h e r e i n :  

the  niobium  p e n t o x i d e   has  a  p u r i t y   of  about  99.0% 

and  a  p a r t i c l e   s i ze   of  about   0.5  to  0.9µm;  and  

the  c o b a l t   oxide   has  a  p u r i t y   of  about   70%  to  74% 

and  a  p a r t i c l e   s i ze   of  l e s s   than  about   1.0  µm.  



13.  The  method  of  claim  10,  w h e r e i n :  

the  barium  t i t a n a t e   compr i ses   about   98.82%  w t ;  

the  niobium  p e n t o x i d e   compr i se s   about  0.98%  w t ;  

the  c o b a l t   oxide  compr ises   about  0.20%  wt;  and 

the  niobium  p e n t o x i d e   to  c o b a l t   oxide  weight  r a t i o  

is  about   4 . 9 0 .  
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